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57 ABSTRACT 
The invention relates to the creation of three dimen 
sional objects from elements or blanks produced by 
inscribing inwardly and outwardly extending circles 
about a plurality of polygons, such as isoceles triangles, 
rectangles, or trapezoids of four, six or other even num 
bered sides through each point where the sides of the 
polygons intersect. To provide the appropriate arc 
lengths, the inscribed circles have the same diameter as 
the length of the side of the polygon where the arcs are 
to be inscribed. The element is bent or folded along 
each arc to form the three dimensional object. Multiple 
elements can be joined to form complex elements by 
Superimposing individual elements upon a portion of 
adjacent elements. The objects thus formed can be held 
together by forces generated by the folded arcs, al 
though an adhesive may optionally be used. The ele 
ments three dimensional objects, and methods of mak 
ing same also form part of this invention. 

10 Claims, 9 Drawing Sheets 
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1. 

THREE DIMENSIONAL OBJECTS AND 
METHODS OF MAKNG THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of applica 
tion Ser. No. 07/094,055, filed Sep. 4, 1987, now U.S. 
Pat. No. 4,871,080, which is a continuation-in-part of 
application Ser. No. 06/928,613, filed Nov. 4, 1986, 
abandoned, which is a continuation of application Ser. 
No. 06/704,751, filed Feb. 25, 1985, abandoned. 

TECHNICAL FIELD 

The invention generally relates to geometric figures 
and more particularly to modular elements capable of 
forming three dimensional objects, as well as to the 
three dimensional objects themselves. 

BACKGROUND ART 

The prior art discloses numerous methods for the 
formation of three dimensional objects which are useful 
in a variety of applications. Generally, these objects are 
formed by initially producing a blank or element which 
is then folded, bent or otherwise manipulated to con 
form to the shape of a three dimensional object. 
The bulk of the prior art in this regard shows ele 

ments having substantially straight lines upon which the 
edges of the three dimensional objects are folded. Fur 
thermore, in order for the element to hold the shape of 
the object, the sides, faces, or edges must be secured by 
tabs, an adhesive or by other sealing or joining means. 

It is often desirable, however, to produce and utilize 
objects with curved or arced faces, sides, or edges 
rather than straight lines. Objects possessing such 
curved arc portions, in addition to being more aestheti 
cally pleasing, are useful in containing or displaying 
irregular shaped products or merchandise. 
An example of the aesthetically pleasing appearance 

of such arced sides of a container is found in U.S. Des. 
Pat. No. 202,920. This patent, however, is limited to a 
rectangular shaped container having arced portions 
only along its four sides. It is further limited with re 
spect to making larger or smaller three dimensional 
objects having a greater or lesser number of faces or 
sides. Furthermore, this box cannot be simply con 
structed from an element or blank unless at least one or 
more faces or sides is glued or adhesively attached to an 
adjacent face or side to form the final object. 

Therefore, none of the prior art discloses three di 
mensional objects which utilize a number of inwardly 
curved arcs as edges or sides to form aesthetically pleas 
ing objects. Furthermore, none of the prior art discloses 
objects which can be formed from elements or blanks 
wherein the tension created by folding the sides and 
faces of the element or blank along its edges enables the 
object to hold the shape desired. Applicant, however, 
has now discovered a novel, unusual and surprising 
method for making elements which can accomplish all 
of the above. The elements, their method of manufac 
ture, and the three dimensional objects generated there 
from are the subject of this application, which is a com 
plete departure from the Euclidian forms presently 
known and used at this time. 

SUMMARY OF THE INVENTION 
One embodiment of the invention relates to a method 

for making elements which are capable of forming three 
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2 
dimensional objects having any desired number of tri 
gonal components. This element is made by inscribing a 
first set of intersecting circles having the same radius on 
a flat, flexible material so that they intersect at Points A 
and B and form a common area therebetween. The 
width of the common area is equal to the radius of one 
of the circles. A second set of two intersecting circles, 
of the same radius as the initial set of circles is then 
inscribed in a manner such that they each intersect the 
initial set of circles and each other at a common first 
point C and a common second point D midway along 
each arc AB which defines the common area of the 
initial set of intersecting circles. Next, four additional 
circles, each having the same radius as the initial set of 
circles are inscribed in a manner such that an arc of the 
first circle intersects points A and C, an arc of the sec 
ond circle intersects points C and B, an arc of the third 
circle intersects points A and D and an arc of the fourth 
circle intersects points D and B. These steps may be 
performed as often as necessary in order to obtain ele 
ments of varying sizes. Finally, the inscribed portion of 
the flat flexible material is separated along arcs AB to 
remove the common area of the initial pair of intersect 
ing circles so as to form an element having a desired 
number of trigonal components. 
A further aspect of the invention relates to a method 

for making an element which is capable of forming a 
three dimensional object containing two trigonal com 
ponents wherein a first set of intersecting circles having 
the same radius is inscribed on a flat, flexible materialso 
that they intersect at Points A and B and form a corn 
mon area therebetween. The width of the common area 
is equal to the radius of one of the circles. A second set 
of two intersecting circles, of the same radius as the 
initial set of circles is then inscribed in a manner such 
that they each intersect the initial set of circles and each 
other at a common first point C and a common second 
point D midway along each arc AB which defines the 
common area of the initial set of intersecting circles. 
Next, four additional circles, each having the same 
radius as the initial set of circles are inscribed in a man 
ner such that an arc of the first circle intersects points A 
and C, an arc of the second circle intersects points C 
and B, an arc of the third circle intersects points A and 
D and an arc of the fourth circle intersects points D and 
B. Finally, the inscribed portion of the flat flexible mate 
rial is separated along arcs AB to remove the common 
area of the initial pair of intersecting circles so as to 
form an element having two trigonal components. This 
method may be repeated to form trigonal components 
adjoining the element which can be formed into three 
dimensional objects. 

In order to prepare elements and three-dimensional 
objects from those elements, the circles may be in 
scribed by mechanical means, such as a steel rule die, or 
by marking means such as a pen, pencil, paint or indeli 
ble marking means or any means capable of defining an 
arc. The flat flexible material upon which the circles are 
marked may consist of paper, cardboard, plastic or an 
elastomer, although any flat flexible material may be 
used. 
The novel and unusual elements which are produced 

by the methods as described above comprise a further 
embodiment of the invention. 
An alternate method for making an element capable 

of forming a three dimensional object includes at least 
partially superimposing a first element of the desired 
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number of trigonal components upon a second element. 
The second element can be substantially identical to, or 
the same as, the first element, or it can have a different 
number of trigonal components. An element produced 
in this manner comprises a further aspect of the inven 
tion. 
A further embodiment of the invention relates to the 

creation of three dimensional objects from the elements 
produced as described above, wherein the element is 
bent or folded along each arc to form the object. The 
object can be held together by forces generated by the 
folded arcs, although in some applications the use of a 
adhesive may create a more secure bond or closure. The 
three dimensional objects thus produced are another 
aspect of the invention. 

Certain types of objects, such as a container with at 
least two trigonal faces and at least three inwardly 
curved side arc portions, are particularly advantageous. 
These containers may be constructed of glass, metal, 
wood, an elastomer, plastic, paper, cardboard or any 
suitable material. 
An alternate method for making an element capable 

of forming a three-dimensional object comprises in 
scribing a polygon having sides of equal length on a flat, 
flexible material; inscribing a set of circles on each side 
of the polygon in such a manner that the circles pass 
through the end points of each side of the polygon and 
each other, each circle having a radius equal in distance 
to the length of one of the sides of the polygon, and then 
separating the inscribed portion of the flat, flexible ma 
terial along the outer arcs of the inscribed circles. The 
polygon in question may be, for example, an equilateral 
triangle, a square or an equilateral pentagon. 
An alternate embodiment for making an element ca 

pable of forming a three-dimensional object consists of 
at least partially superimposing a first element, derived 
as described above from a polygon having sides of equal 
length, upon a second element created in the same man 
ner. An element produced in this manner comprises a 
further aspect of the invention. 
Once the element is formed as described above, an 

alternative embodiment of the invention is to create 
three-dimensional objects from these elements by then 
bending or folding the element along each arc. The 
objects created in this manner are also an embodiment 
of the present invention. These objects may be utilized 
to make containers and such objects may, for example, 
comprise at least two quadragonal faces with at least 
four inwardly curved side portions or at least two pen 
tagonal components with at least five inwardly curved 
side portions. These containers may be constructed of 
glass, metal, wood, an elastomer, plastic, paper, card 
board or any suitable material. 
BRIEF DESCRIPTION OF THE DRAWINGS 
A further understanding of the present invention can 

be had with reference to the attached drawing figures, 
wherein: 
FIG. 1 is an illustration of two intersecting circles; 
FIG. 2 is an illustration of the common area of the 

intersecting circles of FIG. 1 upon which is superim 
posed two additional intersecting circles; 
FIG. 3 is an illustration of four additional circles 

superimposed upon the common area of the intersecting 
circles of FIGS. 1 and 2; 
FIG. 4 is an illustration of an element according to 

the invention; 
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4. 
FIG. 5 is an illustration of a three dimensional object 

according to the invention; 
FIG. 6 is an illustration of another element according 

to the invention; 
FIG. 7 is an illustration of another three dimensional 

object according to the invention; 
FIG. 8 is an illustration of superimposed intersecting 

circles which are useful for constructing larger ele 
ments; 

FIGS. 9, 10, and 11 are illustrations of additional 
elements of the invention; 

FIG. 12 is an illustration of an element formed from a 
pair of triangles each having one side of a length differ 
ent from that of the other sides; 
FIG. 13 is an illustration of a three dimensional object 

formed by combining two elements of FIG. 7 wherein 
the corners of an object formed from one element hav 
ing an opening on each face portion is superimposed 
over the object formed from the other element. 
FIG. 14 is a view of two intersecting circles of radius 

R which has a length equal to the distance along a 
straight line from point A to point B. 

DETAILS OF THE PREFERRED 
EMBODIMENTS 

It can be appreciated by one skilled in the art that the 
novel three dimensional objects of the present invention 
can be formed by a variety of methods. First of all, the 
individual sides and faces of the object can be cut out 
from a construction material, and then joined together 
to form the object. The term "construction material' 
would contemplate paper, cardboard, plastic, metal, 
wood, rubber, elastomers, or any suitable material. The 
particular material selected would depend upon the end 
use for the three dimensional object. For example, when 
used in the container art, the material could be paper or 
cardboard for gift boxes, or if used for the transporta 
tion of fluids, it must be prepared from a fluid impervi 
ous material, i.e. plastic, steel or the like. 
Another method for making these objects would be 

the construction of an element or blank which is then 
folded, bent or formed to the shape of the desired three 
dimensional object. In this embodiment, it is preferred 
to use a flat, flexible material such as paper, cardboard, 
plastic, etc. An element can be traced or inscribed upon 
this material and subsequently cut out. The element can 
then be folded, bent formed, and/or finished to the final 
shape of the desired three dimensional object. 
Another method for forming the three dimensional 

objects of the invention is to use frames or similar de 
vices to define the curved edges upon which membrane 
or similar flexible materials can be stretched. 
With respect to the method of preparing the elements 

of this invention, the following drawing figures illus 
trate the best mode. 
Upon a flat, flexible material such as paper, cardboard 

or the like, two intersecting circles having the same 
radius R are inscribed such that they overlap and form 
a common area. FIG. 1 illustrates a flat, flexible material 
10 paper or cardboard which is inscribed with two 
circles 12, 14 having the same radius. These circles 12, 
14, intersect at two points A,B to form a common area 
16. Also, as shown in FIG. 14, the width of the common 
area along a straight line from point A to point B equals 
the length of the radius of the circles. This common area 
16 is defined by two arcs AB from each of the circles 12, 
14. The common area 16 forms the outer dimensions of 
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the basic element for the preferred embodiment of the 
invention. 

Referring now to FIG. 2, there is illustrated two 
additional circles 18, 20 also of same radius R. These 
circles 18, 20 are inscribed in a manner such that they 
intersect each other as well as arcs AB of the common 
area 16 at points C and D respectively. In this manner, 
arcs CD of circles 18 and 20 define a second common 
area 34 which later becomes one of the side portions or 
flaps of the three dimensional object according to the 
invention. It should be noted that in FIG. 1, the only arc 
portions of circles 12 and 14 that must be inscribed on 
the flat, flexible material 10 are arcs AB. Similarly, in 
FIG. 2, the only arc portions to be inscribed are arcs 
CD from each circle 18 and 20. 

Referring now to FIG.3, four circles 22, 24, 26, 28 all 
having the same radius R are further inscribed on the 
flat, flexible material 10 in such a manner that each 
circle individually intersects only two of the four points 
indicated in FIG. 2. Specifically, circle 22 intersects 
points AD, circle 24 intersects points AC, circle 26 
intersects points DB and circle 28 intersects points CB. 
These four new circles generate four new common 
areas 34 within the element and these in turn become 
four additional sides of the three dimensional object. 
Although evident from the drawing, it should be noted 
that each area 34 is identical in size and shape. 
FIG. 4 shows the element 30 which is cut out from 

the flat, flexible material and includes two trigonal face 
components 32 and five oblong side components 34. As 
mentioned above, the element 30 is one basic building 
block for the three dimensional objects of the invention. 

Referring now to FIG. 5, element 30 in which each 
side portion 34 has now been folded to provide the 
illustrated three dimensional object 36. 

FIG. 6 shows a different element 38 which can be 
used for making other three dimensional objects ac 
cording to the invention. As noted previously, the ele 
ment in FIG. 6 can be made either by inscribing two 
individual elements as in FIG. 4 such that one is par 
tially superimposed upon the other, or by preparing two 
separate elements according to FIG. 4 and joining one 
to another by partial superimposition. 
FIG. 7 shows the three dimensional object 40 pro 

duced from the element of FIG. 6. 
It should be noted that the three dimensional objects 

of FIGS. 5 and 7 can be made and will retain their shape 
due to the tension in the folded side portions 34, which 
are also known as tension flaps. The trigonal compo 
ments 32 form the faces of the object. 

It should also be noted that none of the trigonal faces 
34 or tension flaps 32 are planar. The tension flaps 32 are 
oriented to provide inwardly curved arc portions, while 
the trigonal components 34 have a slight outward cur 
vature or “bow'. 

Referring now to FIG. 8 there is illustrated a matrix 
generator 42, which is a pattern generated by continu 
ing to superimpose circles as described hereinabove to 
form any desired number of trigonal faces 34 and ten 
sion flaps 32. One or any number of desirable elements 
can be formed from the matrix generator 42. Elements 
54, 56,58, 60 are shown in outline as non-limiting exam 
ples. Then, these desired elements can be cut out from 
the flat flexible material along the inscribed lines and 
then folded to form the desirable three dimensional 
objects. 
Although an advantageous embodiment of the inven 

tion relates to three dimensional objects which are capa 
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6 
ble of being completely closed, it may be desirable to 
have open "faces', and such elements cut out of FIG. 8 
which provide such open faces that may have particular 
utility as art objects, swimming pools, tanks, buildings, 
or other items requiring one or more openings in one or 
more sides. 

It may also be desirable for certain applications in 
volving large or multi-elemental combinations to fold 
only some of the tension flaps or side portions. In this 
embodiment, numerous variations of the completely 
folded three dimensional objects can be obtained, with 
or without the open faces described previously. 
As an alternate way of constructing the elements of 

the present invention, polygons having equilateral side 
portions of length R can first be inscribed on the flat 
flexible material. Then, a first circle of radius R is super 
imposed on the polygon in a, manner such that the 
circle passes through the endpoints of each side of the 
polygon with the arc portion of the circle extending 
into the polygon. Then, a second circle of radius R is 
superimposed on the polygon in a similar manner as 
described above, except that the arc portion of the cir 
cle extends outside of the polygon. 

Specific elements made in accordance with this tech 
nique are illustrated in FIGS. 9, 10, and 11. The poly 
gon originally constructed in each of those FIGS. are 
an equilateral triangle, a square, and an equilateral pen 
tagon, each having sides of length R. After constructing 
the polygon, circles of radius R are superimposed upon 
the polygon as described above such that inner arc 
portions 44 and outer arc portions 46 are added to each 
side to form elements 48, 50, and 52 in FIGS. 9, 10 and 
11, respectively. 
Another embodiment of the invention relates to the 

use of polygons which do not have equilateral sides. 
Thus, for example, isoceles triangles, rectangles, or 
trapezoids of four, six or other even numbered sides can 
be used to form further elements by inscribing inwardly 
and outwardly extending circles through each point 
where the sides connect. To provide the appropriate arc 
lengths, the inscribed circles should have the same di 
ameter as the length of the side of the polygon where 
the arcs are to be inscribed. FIG. 12 illustrates an ele 
ment 60 formed from a pair of isoceles triangles wherein 
the length of two legs are greater than the remaining 
leg. By inscribing circles as described above, the ele 
ment 60 contains two elongated trigonal face compo 
nents 62 and five side components 64. 
The elements can then be joined to form complex 

elements by superimposing the particular individual 
elements upon a portion of an adjacent element, such as 
by superimposition of two tension flaps. To do this at 
least one side of the two polygons forming the elements 
to be superimposed must be the same length. Alter 
nately, the elements can be prepared by first inscribing 
adjacent multiple (i.e., two or more) polygons, where 
each polygon shares a common side of the same length 
with an adjacent polygon. 
Although numerous combinations are possible, those 

polygons having a degree of symmetry, such as isoceles 
triangles, rectangles, hexagons, octagons and decagons 
having two or three pair of equal length sides, and the 
like are preferred. The possible combinations of ele 
ments and three dimensional objects are only limited by 
the imagination of the user when following the teach 
ings of the present invention. 
Another embodiment of the invention relates to the 

superposition of a plurality of these three dimensional 
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objects. Openings or apertures can be provided in one 
or more side or face components of an element, prior to 
forming the three dimensional object of that element 
about, around or upon a second three dimensional ob 
ject formed from an element of the invention. One ex 
ample of this is shown in FIG. 13 whereby a blank such 
as that of FIG. 6 having appropriate cut out areas in 
each face portion is assembled around the three dimen 
sional object of FIG. 7. A wide variety of unusual 
shapes and configurations can be obtained through this 
aspect of the invention. 
As would be evident, any desired polygon or number 

of polygons connected by at least one side with an adja 
cent polygon could be used to form an element, depend 
ing upon the desired size of the three dimensional ob 
jects. Also, it may be advantageous to construct a num 
ber of basic elements from polygons having a different 
number of sides. Then, these elements can be superim 
posed on each other in any desired manner, since each 
side having length R with inner arc portion 44 and outer 
arc portion 46 would be identical in size. 
As would be understandable to one skilled in the art 

having the benefit of this disclosure before them, a wide 
variety of elements may be prepared, depending upon 
the final desired shape of the three dimensional object. 
Also, as mentioned above, when the object is to be 
constructed of materials that can not be bent, formed or 
otherwise shaped to the desired configuration, the ob 
ject is then made by cutting out the individual compo 
nents and then joining them together by an adhesive or 
other joining means. 

It may also be possible to form final three dimensional 
products by molding, casting or other fabrication pro 
cesses. In addition, tubular, rod, or strip sections can be 
bent to define the shapes of the desired three dimen 
sional object. Mechanical connectors can then be used 
for making larger configurations. These sections can 
then be covered with a membrane or similar flexible 
material to obtain the object. 
From the preceding it is apparent that a unique vari 

ety of three dimensional forms have utility as orna 
ments, containers, architectural analogues, equipment 
housings, lighting fixtures, furniture items, toys and 
games, construction elements, art objects, packaging 
and merchandising exhibits, stackable modules as well 
as many other applications, too numerous to list here. 
Depending upon the desired use these objects may be 
made either in a solid or hollow form. 
The above described processes and elements are pref 
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erably utilized in a hollow form for the manufacture of 50 
cardboard boxes or containers having at least two trigo 
nal components with sides and edges comprised of in 
wardly curved arc portions. 

Also, it is well known that the hollow three dimen 
sional objects can be provided with apertures, windows, 
or other openings for gaining entrance into or access to 
the three dimensional object. For example, if the three 
dimensional object is used as a beverage container, it 
would preferably include an opening having a remov 
able cap for introduction and withdrawal of fluid con 
tents thereinto and therefrom. 

Similarly, when used as a packaging item, such as a 
cardboard box, for example, the three dimensional ob 
ject of FIG. 7 could be designed such that it can be 
opened so that the contents can be removed therefrom. 

Alternately, when used as solid three dimensional 
objects, the invention has utility as art objects, building 
blocks, toys, or the like. 

55 

65 

8 
While it is apparent that the invention herein dis 

closed fulfills the objects above stated, it will be appre 
ciated that numerous modifications and embodiments 
may be devised by those skilled in the art, and it is 
intended that the appended claims cover all such modi 
fications and embodiments as fall within the true spirit 
and scope of the present invention. 

I claim: 
1. A method for making an element capable of form 

ing a three dimensional object, which comprises: 
a) inscribing a first set of two circles, having the same 

radius, on a flat flexible material, said circles inter 
secting at a first point A and a second point B and 
producing a common area therebetween; such that 
the width of the common area along a straight line 
from point A to point B equals the length of the 
radius of the circles; V 

b) inscribing a second set of two intersecting circles, 
each of the same radius as the circles in step a) in a 
manner such that they each intersect the circles of 
step a) and each other at a common first point C 
and a common second point D, midway along each 
arc AB which defines the common area of the 
intersecting circles of step (a); 

c) inscribing an additional four circles each having 
the same radius as the circles in step a) in a manner 
such that an arc of a first circle intersects points A 
and C; an arc of a second circle intersects points C 
and B; an arc of a third circle intersects points A 
and D; and an arc of a fourth circle intersects 
points D and B; said arcs of each of said four addi 
tional circles extending into the common area of 
the circles of step a); thus forming two trigonal face 
components, one by the inwardly extending arcs 
between points A and C, C and D, and D and A, 
respectively, and one by the inwardly extending 
arcs between points C and D, D and B, and B and 
C, respectively, and five side components by the 
area between the inwardly and outwardly extend 
ing arcs between points A and C, C and D, D and 
A, D and B, and B and C, respectively; and 

d) separating the inscribed portion of said flat, flexible 
material along a perimeter formed by the outer 
most arcs of the inscribed circles which perimeter 
completely surrounds each of the trigonal face and 
side components to obtain an element having at 
least two trigonal face components and at least five 
side components, which element is capable of 
forming a three dimensional object by folding said 
element along the arcs thereof. 

2. The method of claim 1 which further comprises 
making a complex element by inscribing additional 
circles by repeating steps (a), (b) and (c) in such a man 
ner to form at least two additional trigonal face compo 
nents and at least three additional side components by 
the arcs of the inscribed circles so as to form an element 
having at least four trigonal face components wherein 
the trigonal face components are adjacent each other 
and each two adjacent face components are separated 
by one side component. 

3. A method for forming a three dimensional object 
which comprises: 

a) making the element according to claim 1; and 
b) bending or folding the element along at least some 

of the arcs to form the three dimensional object. 
4. The method of claim 3 which further comprises: 
c) making a second element with openings in at least 
two face portions; and 
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d) bending or folding the second element around said 
first element so that a portion of the sides of the 
object formed from the first element extends 
through the openings of the face portions of the 
second element to form the three dimensional ob 
ject. 

5. The method of claim 1 which further comprises 
making a complex element by repeating steps (a), (b) 
and (c) as often as desired to form a number of addi 
tional face and side components. 

6. A method for forming a three dimensional object 
which comprises: 

a) making the element according to claim 5; and 
b) bending or folding the element along at least some 
of the arcs to form the three dimensional object. 

7. The method of claim 6 which further comprises: 
a) making a second element with openings in at least 
two face portions; and 

b) bending or folding the second element around said 
first element so that a portion of the sides of the 
object formed from the first element extends 
through the openings of the face portions of the 
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Second element to form the three dimensional ob 
ject. 

8. The method of claim 1 which further comprises 
preparing a matrix generator by repeating steps (a), (b) 
and (c) as often as necessary to form the desired number 
of face and side components; outlining the perimeter of 
a complex element and separating the element from the 
matrix generator along the outlined perimeter. 

9. A method for forming a three dimensional object 
which comprises: 

a) making the element according to claim 8; and 
b) bending or folding the element along at least some 
of the arcs to form the three dimensional object. 

10. The method of claim 9 which further comprises: 
a) making a second element with openings in at least 
two face portions; and 

b) bending or folding the second element around said 
first element so that a portion of the sides of the 
object formed from the first element extends 
through the openings of the face portions of the 
second element to form the three dimensional ob 
ject. 
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